In 1990 routine radiation monitoring detected particles of radium-226 on the foreshore at Dalgety Bay, a small town situated on the south coast of the Fife Health Board area in east central Scotland. The contamination is thought to have been due to the disposal by burning of military aircraft in the 1940s. Some of these aircraft were equipped with night vision instruments manufactured using radium-based luminous paint. The area was surveyed by the National Radiation Protection Board (NRPB) and the detected material removed. The NRPB concluded at that time that the likelihood of a hazard to the public due to internal or external exposure was low. The Information and Statistics Division of the National Health Service in Scotland Management Executive, which administers the Scottish National Cancer Registration Scheme, was asked by the Scottish Office Home and Health Department to determine whether there was any evidence of increased risk of cancer in residents of Dalgety Bay. Therefore this was an a priori investigation of the possible effects of an exposure rather than a post hoc evaluation of a geographical area thought to have a high incidence of cancer.
The Dalgety Bay area is relatively compact and can be well defined on the basis of 1981 census enumeration districts (EDs) (Figure 1 ). It was anticipated that difficulties in estimating the person-years-at-risk of cancer would be experienced because it was known that the area had experienced rapid population growth since the 1960s. In tinued throughout the 1980s. Thus, although no data from the 1991 census were available at the time of preparing the present report, it was known that significant changes had occurred in both the population size and age structure.
A further feature of the Dalgety Bay area which was expected to be relevant in an assessment of local cancer risks was the relatively high socioeconomic status of the population. The KY11.5 postcode sector, which incorporates Dalgety Bay, falls in the lowest decile of Carstairs deprivation scores calculated for all postcode sectors in Scotland (i.e. the 10% of postcode sectors, weighted by population, with the lowest Carstairs deprivation scores) (Carstairs & Morris, 1991) . A large number of studies have demonstrated associations between socioeconomic status and cancer risk (Davey Smith et al., 1990) . Of particular relevance to the present report are those cancer sites which may also be associated with exposure to ionising radiation. Specifically, affluent populations tend to have comparatively low rates of gastric (Williams & Lloyd, 1990 ) and lung cancer (Williams & Lloyd, 1991) but higher rates of childhood leukaemia (Alexander et al., 1990) , breast (Ewertz, 1988) and colorectal cancer (Williams & Lloyd, 1990) . The importance of socioeconomic confounding in studies of environmental carcinogenesis is now widely accepted (Elliott et al., 1992 (Carstairs & Lowe, 1986) registrations were enumerated, consideration of specific sites of cancer was restricted to those for which there is evidence of a possible association with exposure to ionising radiation (Table I) . In order to supplement census population data from 1971 and 1981, the recent population of the Dalgety Bay area was estimated from anonymous primary care records provided by Fife Health Board. At the beginning of September 1992 there were 8246 Fife Health Board patients resident in postcodes within 1981 EDs in the Dalgety Bay study area (12AR17-12AR34). This was 48% higher than the resident population in 1981. Figure 2 shows the age structure of this recent population and those of the population of Dalgety Bay in 1971 and 1981 and Scotland in 1981 . It can be seen that, while the area can still be characterised as one of young families with children, the proportions of older people have increased. at-risk. In order to control for socioeconomic confounding a second set of expected numbers were prepared using registration rates for the 10% of the population of Scotland resident in postcode sectors with the lowest Carstairs deprivation scores (Carstairs & Morris, 1991) . The incidence of leukaemia in children aged 0-14 was examined separately. Confidence intervals for the ratios of observed to expected registrations were calculated using standard methods based on the Poisson distribution (Breslow & Day, 1989) . We estimated that the smallest raised relative risk which could be detected at the 95% confidence level with 80% statistical power was 1.18 for all cancers combined. The equivalent values for specific sites were, of course, substantially greater: for example, 1.77 for colon and 2.44 for leukaemia.
After the study was completed we were able to verify our estimate of the persons at risk in 1991 from preliminary small area statistics from the 1991 census. These gave a total population of 8124 for April 1991, less than 2% greater than our 1991 estimate based on interpolation between April 1981 and September 1992. The census data also confirmed our estimates of the changes in the population age structure. The small differences found were not of a magnitude which would affect interpretation of results.
Results
In the study period 211 malignant neoplasms were registered in residents of Dalgety Bay, representing an overall rate which was not significantly different from the number expected (214.21) from age-and sex-specific Scottish natibnal rates (O/E 0.99, 95% CI 0.86-1.13) (Table II) . Lower than expected incidence was observed for cancers of the stomach, liver, lung, bone, prostate, bladder and kidney and Hodgkin's disease and non-Hodgkin's lymphoma, although this was statistically significant only for lung cancer (O/E 0.65, 95% CI 0.42-0.96) and of borderline significance for cancer of the stomach (O/E 0.40, 95% CI 0.11-1.02). The incidence of colon, rectum, pancreas, skin, breast, thyroid, multiple myeloma and leukaemia was higher than expected, but only significantly so for pancreas (O/E 2.28, 95% CI 1.14-4.08) and skin cancer (O/E 1.50, 95% CI 1.05-2.08). Table II also shows results for the same cancer sites with expected numbers adjusted for socioeconomic status using the Carstairs deprivation score. The overall number of registrations expected was similar (214.54) but, as anticipated, the effect of the adjustment was to increase the expected numbers of cases for sites known to be positively associated with socioeconomic status (e.g. skin, breast and leukaemia) and to decrease those with inverse associations (e.g. stomach and lung). This partly accounted for the low incidence of stomach and lung cancer. The higher than expected incidence of pancreas and skin cancer persisted, although in the case of skin cancer this was only of borderline statistical significance.
Of While the statistical power of the study to detect an excess relative risk of all cancer combined was reasonable, it is acknowledged that this was not so for individual sites. Interpretation of these results must also be qualified by consideration of the quality of both numerator and denominator data. The South East of Scotland Cancer Registry has a relatively good ascertainment rate (Muir et al., 1987) which is thought to be in excess of 95%. However, cancer registration data specifically for non-melanotic skin tumours must be interpreted with caution. The treatment of many patients in outpatient clinics or outside the hospital service itself means that the potential for under-ascertainment is greater than for In the absence of census small area statistics, we elected to use primary care records to estimate the recent population of the study area. This was thought to be more appropriate than any form of forward projection from the 1981 census data because of the extreme changes in population size and structure which were thought to have taken place. It is worth noting that use of the 1981 census population as a point estimate for the period 1975-90, which is not uncommon in small area health studies, would have led to substantial underestimation of the numbers of cancers expected and overestimation of the observed to expected ratios. However, there are potential difficulties with the use of primary care records for population estimates. Persons not registered with a general practitioner will not be included. This is less likely to be problematic in an affluent area without a substantial population of young single people than it would be in, say, an inner city area. Of greater importance for Dalgety Bay is the potential for overestimation of the population owing to delays in removing individuals from records when they move from the area or die. We have no basis on which to quantify such effects but have shown that our population estimate based on primary care records came within 2% of the 1991 census population. We would argue that postcoded primary care records are a valid source of intercensal population estimates for some parts of Scotland and possibly other parts of the UK.
What is the strength of evidence linking pancreas and skin cancer with ionising radiation exposure? Pancreas cancer incidence was raised in studies of medically exposed subjects treated for cervix cancer and ankylosing spondylitis, and in the first follow-up studies of the Hiroshima atomic bomb survivors (Mack, 1982) . However, these findings were not confirmed in longer term follow-up (Tomatis et al., 1990) , and in studies of occupational radiation exposure results have been equivocal (Boyle et al., 1989) . Stronger associations have been shown with smoking, alcohol and dietary factors (Boyle et al., 1989) . The socioeconomic characteristics of Dalgety Bay mean that the prevalence of smoking is likely to be low, suggesting that smoking is a less important risk factor for pancreas cancer in Dalgety Bay than elsewhere in Scotland. This is borne out by the low incidence of lung cancer. In occupational mortality studies, high rates have been found in managers, administrators, engineers and electrical workers (Pietri & Clavel, 1991) , all of which could be relevant to Dalgety Bay. However, the evidence for occupational risks in general is weak (Mack, 1982) .
The potential for ionising radiation to cause skin cancer in humans is well established from studies of medically and occupationally exposed subjects (Shore, 1990) . However, the most important risk factor is exposure to sunlight, and this is reflected in the anatomical distribution of tumours (Scotto & Fraumeni, 1982) . In Scotland, approximately 80% occur in the face, head and neck, 6% in the trunk, 6% in the hands and arms and 7% in the lower limbs. The anatomical distribution of the 36 Dalgety Bay cases does not differ from this expected distribution (x2 = 1.92, d.f. 2,P> 0.10).
In conclusion, we found no evidence of a generally raised incidence of cancer in Dalgety Bay. The observation of raised incidence of pancreas and skin cancer arose in the context of a survey of 17 cancer sites, from which the finding of two or more statistically significant results is not unusual (P = 0.21).
